The Fe-type nitrile hydratase activator protein from Rhodococcus equi TG328-2 (ReNHase TG328-2) was successfully expressed and purified. Sequence analysis and homology modeling suggest that it is a G3E P-loop guanosine triphosphatase (GTPase) within the COG0523 subfamily. Kinetic studies revealed that the Fe-type activator protein is capable of hydrolyzing NOT THE PUBLISHED VERSION; this is the author's final, peer-reviewed manuscript. The published version may be accessed by following the link in the citation at the bottom of the page.
Introduction
Nitrile hydratases (NHases, EC 4.2.1.84) are metalloenzymes that catalyze the hydration of nitriles to their corresponding higher value amides under mild conditions (room temperature and physiological pH). 1, 2 NHases have attracted substantial interest as biocatalysts in preparative organic chemistry and are used in the large scale industrial production of acrylamide 1, [3] [4] [5] [6] and nicotinamide. 7 X-ray crystallographic studies indicate that they are α2β2 heterotetramers with an active site consisting of three cysteine residues, two amide nitrogens, a water molecule, and either a nonheme Fe(III) ion (Fetype) or a noncorrin Co(III) ion (Co-type). 8, 9 Two of the active site cysteine residues are post-translationally modified to cysteine sulfinic acid (-SO2H) and cysteine sulfenic acid (-SOH), yielding an unusual metal co-ordination geometry, termed a 'claw-setting'. Oxidation of the equatorial Cys residues is required for catalytic activity. 10, 11 Even though the structures of Fe-and Co-type NHases are very similar, Fe-type NHases are specific for Fe(III), whereas Co-type NHases are specific for Co (III) . 8 Several open reading frames have been identified just downstream from the structural α-and β-subunit genes in NHases, and one of these genes has been proposed to function as an activator protein ( Figure 1) . [12] [13] [14] The prevailing dogma is that both Co-and Fe-type NHase enzymes require the co-expression of an activator protein to be fully metallated, post-translationally modified, and fully functional. [12] [13] [14] While Co-and Fe-type NHase enzymes share high sequence similarity, their respective activator proteins are different in size and share little to no sequence identity, The alignment shows (light green -Walker A motif; dark green -Walker B motif; blue -metal-binding motif; orange -guanine-binding motif) shows conserved regions common to P-loop GTPases that are probably responsible for GTPase activity of the proteins.
Activator proteins (ε) for cobalt-type NHases are small (∼15 kDa) and have a significant sequence identity with the NHase β-subunit. 18, 19 The Co-type activator protein for the low-molecularweight NHase from Rhodococcus rhodochrous J1 has been shown to form an αε2 complex, which was proposed to bind Co(II) and insert it into the apo-α2β2 NHase complex via a 'self-subunit swapping' mechanism. 17 The Co-type activator protein was also proposed to facilitate the oxidation of the two active site Cys residues. On the other hand, Fe-type NHase activator proteins are ∼45 kDa and contain a highly conserved cysteine-rich (CXCC) motif that is a known metalbinding site in other metallochaperones, such as COX17 (copper) and the Hyp proteins (nickel). 20, 21 To date, no Fe-type activator protein has been purified or characterized. As such, no molecular level evidence exists regarding the structure or function of the Fe-type NHase activator protein in the biosynthesis of Fe-type NHase enzymes. Therefore, we set out to purify the Fe-type activator from Rhodococcus equi TG328-2. The gene encoding the activator protein was synthesized with optimized Escherichia coli codon usage and heterologously overexpressed in E. coli as a maltose-binding protein (MBP)-protein construct. The resulting protein binds divalent metal ions and can function as a guanosine triphosphatase (GTPase). The hydrolysis of GTP by a Fetype NHase activator protein is a previously unknown role that may be connected to NHase metallocenter assembly.
Materials and methods

Materials
2-amino-2-hydroxymethyl-propane-1,3-diol (Tris-HCl), and 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid (HEPES) were obtained from Sigma-Aldrich. Oligonucleotides were obtained from Integrated DNA Technologies, Inc. All other reagents were purchased commercially and were of the highest purity available.
Plasmids
The plasmid expressing the Fe-type NHase from R. equi TG328-2 (ReNHase TG328-2) was kindly provided by Prof. Uwe Bornscheuer (University of Greisfwald). 22 The original plasmid had the NHase α,β, and activator genes in tandem. NHases are typically expressed when the genes for the α-and β-subunits and the activator are co-expressed on separate, complementary plasmids. Therefore, the α-and β-subunit and activator genes from the original plasmid were isolated and subcloned into pET-21a + and pET-28a + plasmids, respectively. The accessed by following the link in the citation at the bottom of the page.
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activator was removed from the pET-28a + plasmid and ligated into pMCSG9 forming the ReNHase(e)-MBP-His6 plasmid containing a tobacco etch virus (TEV) protease cleavage site between MBP and the ReNHase (ε) protein. 23 All plasmid sequences were confirmed using automated DNA sequencing at the University of Chicago Cancer Research Center DNA sequencing facility.
Expression and purification of the recombinant ReNHase activator protein
The ReNHase (ε)-MBP-His6 plasmid containing the Fe-activator protein was transformed into BL21(DE3) (Stratagene) cells for gene expression. A single colony from the transformation was used to inoculate a 50 ml LB Miller culture containing 50 μg/ml kanamycin and allowed to grow at 37°C with constant shaking overnight. This culture was used to inoculate 3 l of LB Miller culture containing kanamycin (50 µg/ml) and ampicillin (100 µg/ml). Cells were allowed to grow at 37°C with constant shaking until an optical density of ∼0.8-1.0 at 600 nm was reached. The culture was cooled to 18°C and induced with 0.1 mM isopropyl-β-d-1-thiogalactopyranoside and then shaken for 16 additional hours at 18°C.
Cells were pelleted by centrifugation at 5000 × g for 5 min and resuspended in 50 mM sodium phosphate buffer (pH 8.0) containing 300 mM NaCl, 10% glycerol, and 10 mM imidazole at a ratio of 3 ml/g of cells. Cells were lysed by ultrasonication (Misonix Sonicator 3000) in 30 s increments for 4 min at 21 W. Cell lysate was separated from cell debris by centrifugation for 40 min at 10 000 × g. Cell lysate was purified using immobilized metal affinity chromatography (IMAC) on a GE ÄKTA Fast Protein Liquid Chromatography (FPLC) system at 4°C. The protein was eluted from the nickel nitrilotriacetic acid (Ni-NTA) column (100 mg protein/5 ml column) with a linear gradient (0-100%) of a high imidazole content buffer [50 mM NaH2PO4 (pH 8.0), 300 mM NaCl, 10% glycerol, and 500 mM imidazole] at a flow rate of 1 ml/min.
Fractions containing the Fe-type activator protein were treated with His6-tagged TEV protease (5% w/w) and 2 mM dithiothreitol and stirred gently overnight at 4°C. Cleaved protein was purified with IMAC by eluting unbound protein with 100% of a 10 mM imidazole buffer solution. The protein was then concentrated to 2 ml and loaded onto a 25 ml DEAE-Sepharose (diethylaminoethyl) column equilibrated with anion exchange buffer A [10 mM Tris (pH 8.0) and 10 mM NaCl]. The protein was eluted in a stepwise gradient at 50% of buffer B [10 mM Tris (pH 8.0) and 500 mM NaCl]. The purified protein was then bufferexchanged using an Amicon centrifugal concentrator (Millipore) into 50 mM HEPES (pH 8.0) and 300 mM NaCl.
Approximately 5 mg/l purified activator protein per liter of culture was obtained. The protein precipitated upon cleavage of the MBP tag, so optimal conditions for solubilization were determined by employing a solubility screen 24 providing optimal conditions of 50 mM HEPES (pH 8.0), 300 mM NaCl, and 10% glycerol. Under these conditions, the activator protein was stable at 4°C for several days. Purification of the activator was confirmed by sodium dodecyl sulfatepolyacrylamide gel electrophoresis. A Bradford assay was performed at 595 nm against bovine serum albumin standards to determine protein concentration.
Nucleotide triphosphatase activity measurement
Nucleotide triphosphatase (NTPase) activity was assayed in triplicate for three separate purifications, using a malachite green assay at NTP [GTP, adenosine triphosphate (ATP), or uridine triphosphate (UTP)] concentrations ranging from 0.05 to 1 mM and Feactivator protein concentrations of 1-3 µM in 50 mM HEPES (pH 8.0) and 5 mM MgCl2 at 37°C for 5-240 min. 25 The reaction was quenched by the addition of 375 µl of malachite green (2.6 mM malachite green, 1.5% ammonium molybdate, and 0.2% Tween 20), incubated at room temperature for 1 min followed by the addition of sodium citrate to a final concentration of 3.5 mM. The absorbance was measured at 630 nm on a BioTek Synergy 2 Multimode microplate reader and compared with a prerecorded calibration curve. One unit of enzymatic activity is defined as the amount of enzyme catalyzing the formation of 1 μmol min −1 PPi. Error values were determined by averaging all kinetic determinations for each NTP. 
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Metal analysis
Inductively coupled plasma atomic emission spectroscopy (ICP-AES) analysis was conducted at the Integrated Molecular Structure Education and Research Center (IMSERC) at Northwestern University. All glassware was washed with 1 M HNO3 prior to use and all buffers were demetallated by using a Chelex-100 column. Purified activator protein was digested in a 5% nitric acid (HNO3) solution for 15 min at 70°C. The digested protein was filtered through a 0. 
Electronic absorption spectra
Electronic absorption spectra were recorded on a Shimadzu UV-2600 spectrophotometer equipped with a TCC-240A temperaturecontrolled cell holder. Spectra of the Fe-type activator protein, in 50 mM HEPES (pH 8.0), 300 mM NaCl, and 10% glycerol, were obtained at 25°C in a 1 cm quartz cuvette.
Isothermal titration calorimetry
Isothermal titration calorimetry (ITC) measurements were carried out on a MicroCal ITC200 system. The Fe-type activator protein was incubated with 10 mM ethylenediaminetetraacetic acid (EDTA) in the presence of 20 mM tris(2-carboxyethyl)phosphine (TCEP), used as a reducing agent, at 4°C anaerobically for 24 h in degassed 50 mM HEPES buffer (pH 7.5). The EDTA was removed by dialysis using, at minimum, four buffer exchanges of 50 mM Chelex-treated HEPES buffer at a pH of 7.5. Individual Fe-type activator protein and Co(II) solutions were prepared by diluting stock enzyme or Co(II) solutions with degassed 50 mM Chelex-treated HEPES buffer (pH 7.5) containing 2 mM TCEP and incubated at 4°C for 24 h. The enzyme solution (50 µM) was placed in the calorimeter cell and stirred at 750 rpm to ensure rapid mixing. Typically, 2 µl of Co(II) titrant (500 µM) was delivered over 2 s with a 3 min interval between injections to allow for complete equilibration. Each titration was continued to >2 equiv. of added Co(II) to ensure that no additional complexes were formed with excess accessed by following the link in the citation at the bottom of the page.
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Association constants (Kb) were obtained by fitting these data, after subtraction of the background heat of dilution, via an interactive process using the Windows-based Origin software package supplied by MicroCal. This software package uses a nonlinear least-squares algorithm, which allows the concentrations of titrant and the sample along with the heat flow per injection to be fit to an equilibrium binding equation. The Kb value, enzyme-metal stoichiometry (n), and the change in enthalpy (ΔH°) were allowed to vary during the fitting process. The association constant Kb and the enthalpy change ΔH were used to calculate ΔG and ΔS using the Gibbs-free energy relationship (eqn 1):
The relationship between Kb and Kd is defined as 2
Circular dichroism
A 3 µM sample of purified activator was prepared in 10 mM sodium phosphate (pH 7.5). Spectra were collected from 190 to 260 nm on samples in a 1 mm path-length quartz cell on an Olis DSM circular dichroism (CD) spectrometer. The program CDSSTR (Birkbeck College DICHROWEB reference set 4) was used to analyze the secondary structure of the activator. 26, 27 CD spectra were also recorded of the Fe-activator protein in the presence of GTP, ATP, GDP, Mg(II), or Co(II).
Homology modeling
The sequence of the ReNHase TG328-2 Fe-activator protein was submitted to SWISS-MODEL. [28] [29] [30] A protein database (PDB) blast search identified the YjiA protein (PDB: 1NIJ) as the best template permission has been granted for this version to appear in e-Publications@Marquette. Portland Press Limited does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Portland Press Limited.
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structure. The resulting homology model was exported to Deepview Swiss PDB Viewer for further refinement and model validation. 31 ProCheck 32 and Verify 3D 33 were run in order to validate the homology model. The Ramachandran plot of the ReNHase TG328-2 activator protein homology model revealed that only 1.5% of the structure is in a disallowed region. That combined with a QMEAN score of 0.506 indicates that the model is a reasonable predictive tool.
Results and discussion
Expression of the ReNHase TG328-2 activator protein
A major limitation in examining the proposed metallochaperone properties of a Fe-type NHase activator protein is the lack of an expression system that provides ample amounts of a soluble form of the protein. We have overcome these issues by subcloning the ReNHase TG328-2 activator gene into the pMCSG9 plasmid, which contains an N-terminal TEV protease cleavage site followed by MBP and a His6 tag. The MBP was incorporated to aid protein folding during expression, whereas the His6 tag allows rapid purification via IMAC. This plasmid was then transformed into BL21(DE3) (Stratagene) cells for protein expression. Purification using IMAC provided ∼5 mg of protein per liter of cell culture. The MBP tag was cleaved from the activator using TEV protease with a His6 tag. Upon cleavage of the MBP tag, the ReNHase TG328-2 activator protein was precipitated. Therefore, optimal conditions for stabilization of the activator were determined by employing a solubility screen, which indicated that the protein is soluble in 50 mM HEPES (pH 8.0), 300 mM NaCl, and 10% glycerol. Under these conditions, the activator protein was stable at 4°C for several days.
Sequence analysis
A BLAST search on the ReNHase TG328-2 activator protein sequence revealed elements consistent with metal trafficking and GTPase activities. 15 Specifically, there is significant similarity between the ReNHase TG328-2 activator protein and the COG0523 subgroup of the G3E family of P-loop GTPases. COG0523 constitutes a diverse group of proteins with unknown function and wide distribution, while permission has been granted for this version to appear in e-Publications@Marquette. Portland Press Limited does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Portland Press Limited.
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the other three G3E family subgroups contain proteins known to be involved in metalloenzyme homeostasis such as HypB, UreG, and MeaB/ArgK. 15 Structural information for proteins within the COG0523 subgroup is limited to the YjiA protein.
34, 35 Alignment of the ReNHase TG328-2 activator protein sequence with the Yija protein reveals that it shares broad sequence similarity (31% sequence identity and 49% similarity) and a highly conserved cysteine-rich (CXCC) metal-binding motif (Figure 1) . 21 Like the YjiA protein, the Fe-type ReNHase TG328-2 activator protein also contains a P-loop (Walker A motif), which characteristically binds the triphosphate group of GTP, and a Walker B motif that is the site of magnesium binding. 34 The presence of these motifs suggests that the ReNHase TG328-2 activator protein may possess GTPase activity, which has heretofore never been proposed for an iron-type NHase activator protein.
GTPase activity
GTPase activity was examined by quantifying free phosphate generated from GTP by reaction of a 1-3 µM sample of the ReNHase TG328-2 activator protein in 50 mM HEPES and 5 mM MgCl2 at a pH of 8.0 using a malachite green assay ( Hydrolytic activity toward ATP and UTP was also examined to determine if the ReNHase TG328-2 activator protein is selective for GTP. Kinetic analysis revealed that the ReNHase TG328-2 activator VERSION; this is the author's final, peer-reviewed (Table 1) . Although the rate of ATP hydrolysis is nearly identical with GTP, the Km value increased by nearly two-fold. Therefore, based on catalytic efficiencies, the ReNHase TG328-2 activator protein prefers GTP, but is capable of hydrolyzing ATP and UTP.
NOT THE PUBLISHED
GTP hydrolysis catalyzed by GTPases can be increased by as much as 10 5 by GTPase effector proteins or cofactors, such as divalent metal ions. 38 The addition of Co(II) as a nonoxidizable divalent metal ion probe for Fe(II) to the ReNHase TG328-2 activator protein in 50 mM HEPES and 5 mM MgCl2 at a pH of 8.0 doubled the observed rate of GTP hydrolysis but somewhat disrupted GTP binding, reducing the kcat/Km value from 30 to 20 s −1 M −1 (Table 1) . A similar finding was obtained for the YjiA protein in the presence of Co, which reduced the kcat/Km value six-fold to 2.3 s
34 On the other hand, the addition of Zn(II) to the YeiR protein enhanced both kcat and Km, resulting in an eight-fold increase in kcat/Km. 36 The observed four-fold increase in the GTP Km value upon the addition of Co(II) to the ReNHase TG328-2 activator protein suggests that, unlike typical GTPases, the activator protein does not probably require accessory proteins to release GDP as GTPases typically exhibit GTP affinities in the picomolar to nanomolar range. 37 Taken together, these data support the hypothesis that GTPase activity is related to divalent metal binding and, thus, metal homeostasis in NHase proteins.
Divalent metal-binding properties
Interestingly, the ReNHase TG328-2 activator protein contained no detectable iron, zinc, or nickel by ICP-AES even though it contains a cysteine-rich motif, which was proposed to be the metal-binding site. The lack of bound metal ions is probably the result of IMAC purification as >50 mM imidazole is used. Given the effect of divalent metal ions on the observed GTPase activity and the presence of the CXCC metalbinding motif, the divalent metal-binding properties of the ReNHase TG328-2 activator protein were investigated using Co(II) as a spectroscopic probe since Fe(II) exhibits no observable bands within the visible absorption region, whereas the position and molar absorptivities of Co(II) d-d bands reflect the co-ordination number and geometry of the metal ions. 39, 40 UV-Vis spectra of 1 equiv. of Co(II) added to a 1 mM solution of the ReNHase TG328-2 activator protein at 25°C in 50 mM HEPES, 300 mM NaCl, and 10% glycerol at a pH of 7.5 resulted in an increase in absorption at ∼530 nm with a normalized ε530 of ∼90 M −1 cm −1 (Figure 2 ). The molar absorptivity and position of this band suggest stoichiometric binding of Co(II) to the Fe-type activator protein in a distorted five-co-ordinate geometry. A significant increase in absorption at 310 nm is also observed but no distinct band is observable. Such absorptions are characteristic of an S → Co(II) ligand-to-metal charge transfer band, which is indicative of consistent with a Co(II)-S-thiolate interaction. Electronic absorption spectra of the apo-ReNHast TG328-2 activator protein and the Co(II) form. Electronic absorption spectra of the apo-ReNHase TG328-2 activator proteins were buffered in 50 mM HEPES, pH 8.0, 300 mM NaCl, and 10% glycerol and spectra collected at 25°C.
ITC measurements on the ReNHase TG328-2 activator protein were carried out on a MicroCal iTC200 ultrasensitive titration calorimeter at 25 ± 0.2°C (Figure 3) . The best fits obtained for the ReNHase TG328-2 activator protein provided an n value of 0.87 ± 0.02 and a Kd value of 2.9 ± 0.2 µM. The binding of Co(II) by the ReNHase permission has been granted for this version to appear in e-Publications@Marquette. Portland Press Limited does not grant permission for this article to be further copied/distributed or hosted elsewhere without the express permission from Portland Press Limited.
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TG328-2 activator protein is exothermic (ΔH = −22.0 ± 0.8 kcal mol −1 ) and entropically driven (ΔS = 48.5 ± 0.5 cal mol −1 K −1 ). As a control, Co(II) was titrated into EDTA-treated ReNHase TG328-2 activator protein in the absence of TCEP. No binding above the heat of dilution was observed, indicating that the reduction in a disulfide bond is required for divalent metal binding. The related YjiA protein binds 1 equiv. of Co(II) with a Kd of 2.0 µM, indicating that Co(II) binds to the ReNHase TG328-2 activator protein in a similar fashion to YjiA. CD studies CD spectra were recorded for the ReNHase TG328-2 activator protein in the absence and presence of GTP, GDP, Mg(II), and divalent metals ions ( Figure 4A,B) . The relative secondary structure deconvolution from the CD spectrum of the as-purified ReNHase TG328-2 activator protein resulted in 38% α-helix and 17% β-sheet (Table 2) , similar to the YjiA protein (22% α-helix and 26% β-sheet). As is common with GTPases, 41 the addition of GTP, under saturating GTP concentrations, or GDP to the ReNHase TG328-2 activator protein significantly altered the secondary structure ( Figure 4A and Table 2 ); a marked decrease in α-helical character and an overall increase in disorder were observed in both cases, though the secondary structures with GTP and GDP, respectively, were distinguishable from the CD spectra. The observed conformational change upon GTP or GDP binding to the ReNHase TG328-2 activator protein is probably related to the interconnectivity of these cofactor binding sites. These data indicate a conformational change upon GTP binding and its hydrolysis to GDP, which is common for small GTPases.
41
Figure 4. CD spectra of ReNHase activator protein in bound and unbound forms. CD spectra of (A) 3 µM ReNHase TG328-2 activator protein in 10 mM sodium phosphate buffer at a pH of 7.5 in the absence (black) and presence of GTP (blue) and GDP (red). CD spectra of 3 µM ReNHase TG328-2 activator protein was prepared in 10 mM sodium phosphate buffer at a pH of 7.5 in the presence of (B) Co(II) (pink), Mg(II) (brown), GTP + Mg(II) (light blue) and (C) ATP (green), UTP (purple) and spectra were collected in the 190 to 260 nm on samples in a 1 mm path-length quartz cell. As the ReNHase TG328-2 activator protein is a probable metallochaperone, CD spectra were recorded at a pH of 7.5 in 10 mM sodium phosphate buffer in the presence of 1 equiv. of Co(II) ( Figure  4B ). No significant conformational change was observed by CD upon the addition of either Co(II) or Mg(II) to ReNHase TG328-2 activator protein under conditions where binding is expected. Furthermore, the addition of Mg(II) had no effect on the secondary structure of the GTPbound protein. The nucleotide, therefore, appears to be the sole candidate for conformational change, other than perhaps interaction with the NHase α-subunit in any conceivable GTP-dependent mechanism for metal trafficking by the ReNHase TG328-2 activator protein. Intriguingly, ATP and UTP elicited a conformational change in marked contrast with those of GTP and GDP, in which a marked increase in the amount of α-helical structure was evident ( Figure 4C ). Given that ATP and UTP are hydrolyzed with reasonable efficiency relative to GTP, these data indicate that the conformational change per se is probably unconnected with NTPase activity. We speculate that the conformational change is, therefore, important in GTP-dependent iron trafficking and would expect, perhaps, that the hydrolysis of ATP and UTP would not similarly enhance iron trafficking.
Homology model
Currently, no three-dimensional X-ray crystal structure exists for an Fe-type NHase activator protein; therefore, a homological model was developed using the X-ray crystal structure of the Yjia protein (PDB: 1NIJ) as the template ( Figure 5A ). The resulting model was accessed by following the link in the citation at the bottom of the page. 
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validated by the ProCheck and Verify 3D software. The Ramachandran plot of the ReNHase TG328-2 activator protein homology model revealed that only 1.5% of the structure is in a disallowed region. That combined with a QMEAN score of 0.506 indicates that the model is a reasonable predictive tool. The homology model of the ReNHase TG328-2 Fe-activator protein includes Walker A and Walker B motifs located on an α-helix and adjacent loop region, respectively, characteristic of typical GTPases. Three of the four residues of the DxxG Mg(II)-binding and GTP γ-phosphate-co-ordinating motif are located on a β-sheet, with the last residue on a loop. In addition, an SKTD sequence, similar to the NKED guanine-binding motif common to GTPases, is adjacent to the Walker A-binding site. Finally, the presumed metal-binding (CXCC) motif is located on a β-sheet that is adjacent to the Walker B motif. Two of the Cys residues (C74 and C72) reside on the same side of the β-sheet, suggesting that these two Cys residues can possibly form a disulfide bond. Since the divalent metalbinding site, Mg(II), and GTP-binding sites all reside in a row, this model suggests that there may be some interconnectivity of these cofactor binding sites. 
Conclusion
An Fe-type NHase activator protein has been expressed and purified for the first time. Sequence analysis suggests the presence of a cysteine-rich divalent transition metal ion-binding motif and distinct GTPase motifs. Construction of a homology model, based on the related Yjia protein, suggests that a majority of the key residues and sequences for metal-binding and GTPase activity are found on flexible loops, while the proposed divalent metal-binding site is located on a β-sheet adjacent to the Walker B motif. Kinetic studies indicate that the ReNHase TG328-2 activator protein exhibits GTPase activity and the addition of divalent metal ions such as Co(II) accelerated the rate of GTP hydrolysis, suggesting that GTP hydrolysis is potentially connected to the proposed metal chaperone function of the ReNHase TG328-2 activator protein. CD data reveal a significant conformational change in the ReNHase TG328-2 activator protein occurs upon the addition of GTP. This conformational change may be linked to recognition and binding of the activator protein to the NHase α-subunit. A combination of these data establishes, for the first time, that the ReNHase TG328-2 activator protein falls into the COG0523 subfamily of G3E P-loop GTPases, a diverse group of GTPases with proposed roles in metal homeostasis, and that GTPase activity is regulated by metal binding.
